We used DNA fingerprinting by random amplified polymorphic (RAPD) DNA and electrophoretic characterization of esterase isozymes to investigate the genetic relatedness of North American populations of the exotic bark beetle Tombs piniperda (L.). Cluster analyses of genetic distances among populations identified the Illinois population as an outlier population with mean genetic distances to other populations averaging 0.895 (where complete dissimilarity = 2), compared with genetic distance averages of 0.595 among populations excluding Illinois. When genetic distance means and geographical distance between populations were compared, the results suggested that rl: piniperda populations in the United States were established separately in Illinois near Lake Michigan and in Ohio along Lake Erie. Molecular markers indicated that insects derived from the 2 founder groups were interbreeding in contiguous regions in western Indiana.
vice). The quarantine restricts movement of infested pine material including logs, nursery stock, and Christmas trees, thereby causing a substantial economic impact on affected businesses.
Because T piniperda is not likely to be eradicated from North America (Haack and Lawrence 1995) , managers must now deal with this species by developing appropriate management strategies. The probable origin(s) and genetic relatedness of current T. piniperda populations should also be determined to help predict species behavior in North America and to direct future control efforts (Prokopy and Croft 1994) .
Tomicus piniperda populations in the Great Lakes region originated from founder insects of unknown numbers and origins that represent a fraction of the genetic diversity of source population( s). Genetic constriction resulting from immigration and geographical isolation is often followed by a burst of expanding diversity as the immigrants adapt to and exploit their new environment and increase in numbers (Templeton 1982) . If the time-lag between an event that affects evolution (such as immigration) and collection of data for analysis is too great, the probability of producing accurate phylogeny reconstructions is significantly lowered (Hillis et al. 1994) . Therefore, to determine the lineages of the Great Lakes populations of T. piniperdu, it is important to study the populations soon after their discovery. In addition, use of a method of character analysis with sufficient resolution is necessary to detect relatively minute changes implicit in short-term evolution (Hillis et al. 1994 ). Molecular methods are appropriate for studies of short-term evolutionary change because the resolution of variation is at the nucleotide level, and changes in nucleotide sequences can be assessed without the confounding effects of environmentally or developmentally induced variability (Strauss et al. 1992) .
In this study, we used random amplified polymorphic (RAPD) DNA methods for polymerase chain reaction (PCR) amplification of 2: piniperdu DNA. RAPD-PCR, initially described by Welsh and McClelland (1990) and Williams et al. (1990) , has been used extensively to assess genomic variability in a wide range of organisms including insects (Black et al. 1992 , Roehrdanz and Flanders 1993 , Cognato et al. 1995 . We used a variation of standard RAPD-PCR methods that is based on DNA bulking (Michelmore et al. 1991 , Hadrys et al. 1993 , Liu et al. 1994 ) to fingerprint !f. piniperdu populations. In the bulking strategy, several individuals from a population are pooled for DNA extraction and production of multiple-genome DNA. Consensus fingerprints are produced because RAPD markers that are individual-specific, or are present in <IO-20% of the bulked population, are generally poorly amplified and are not scored in agarose gels stained with ethidium bromide (Michelmore et al. 1991 , Tinker et al. 1994 . With this technique, use of large numbers of markers in the experimental design are practical because organisms are not treated individually. Large numbers of markers increase the likelihood that more of the genome is represented (Skroch et al. 1993) and assumptions that might be required in analysessuch as independence of characters and constancy of mutation rates (Strauss et al. I992 )-are therefore more fully supported.
To reference the RAPD-PCR data with a more traditional approach, we included a study of esterase isozymes in T. piniperda. Electrophoretic analysis of esterases has been a successful approach to detect variation within and among populations (Healy et al. 1991) . Based on the results of these 2 approaches, we describe the genetic relatedness of T. piniperda subpopulations that were cohected in the Great Lakes region in 1993. (Fig. 1) . The Ohio site was in the same county where II: piniperda originally was discovered. The logs were subsequently infested in March and April 1993 by local populations of T piniperda. In May 1993, the infested logs were returned to a laboratory in Michigan and placed individually inside labeled containers. Emergent F, adults were collected during several days, pooled by site, and stored frozen at -80°C. Typically, 1 adult male and 1 adult female construct each gallery (Haack and Lawrence 1995) . Therefore, after the beetles had emerged, the number of galleries per log was determined to provide an estimate of the number of mating pairs that had reproduced in each log. Details of collection and sampling are given in Table 1 .
Materials and Methods

Collections
Sample Bulking and DNA Extraction. By our rationale, the more individuals that are bulked from a population, the more conservative the RAPD fingerprint will be because individual variation is diluted relative to the amount of redundancy in the bulked DNA (see Tinker et al. 1994) . We bulked 15 insects per population to obtain a balance of conserved and moderately variable characters for detection by RAPD-PCR. The beetles, randomly selected from each population, were ground in liquid Ns. Each bulked sample was incubated at 57°C for 1 h in 500 $ of extraction buffer (consisting of 5 mM ascorbic acid, 1.4 M NaCl, 20 mM EDTA, 2% [wt:vol] cetyltrimethylammonium bromide [CTAB] , and 100 mM Tris [pH 7.51) with 7(+&g of DNAse-free RNAase. Samples were extracted with chloroform and centrifuged to separate phases. The aqueous phase was collected and 0.1 times volume of 5 M potassium acetate and 2 times volume of cold, 100% ethanol were added. After holding at -20°C overnight, DNA pellets were obtained by centrifugation at 5,000 X g (5 min), rinsed in 70% ethanol, dried briefly, and subsequently dissolved in 50-100 125 mM Tris (HCl) buffer. Quantification was by microassay fluorometry (Hoeffer, San Francisco, CA). Individual insects were processed similarly, except that each insect was ground directly in the extraction buffer and quantification was by dot assay (Sambrook et al. 1989 ) with undiluted samples. The quality of DNA of both bulked and individual samples was evaluated by electrophoresis and ethidium bromide staining. All samples used in the study were of high quality for PCR, as demonstrated by high molecular weight DNA and no indication of RNA.
RAPD-PCR Analysis. Procedures were used to prevent contamination of PCR reactions with errant DNA (Sambrook et al 1989) . Reactions were done in thin-walled, selfcapped tubes (0.2 ml) with 15.6 ~1 sterile water, 2.5 ~1 10X Taq buffer with Mg++ (Boehringer Mannheim, Indianapolis, IN), 0.5 l, l 2'-deoxynucleoside 5'-triphosphate mix (Boehringer Mannheim), 0.4 l, l Taq enzyme (2 units, Boehringer Mannheim), 1.0 ~1 primer (15 pmoles, Operon, Alameda, CA), and 5 ~1 of 2 ng/t.d DNA in water or 10 mM Tris, (pH 7.5). Amplification was conducted in an MJ Research (Water- After electrophoresis, the gels were incubated in the dark for 10 min in 100 ml of O.lM sodium phosphate buffer (pH 6.8), and 0.0005% 2-mercaptoethanol, with 40 mg of naphtyl acetate (Healy et al. 1991); they were subsequently stained with 2 ml of a 5% (wt:vol) aqueous solution of fast blue BB. Gels were destained and fixed in an aqueous solution containing 10% acetic acid and 35% methanol, then air-dried between transparent cellophane membranes. Table 2 . Newbury 1994 , Weising et al. 1995 . We used a S-state system to score reproducible band intensity variation to account for allele concentration differences in the pooled samples (Hadrys et al. 1993 , Tinker et al. 1994 ). Thus, polymorphisms were identified as missing, weak, or strong bands (scored as 0, 1, or 2, respectively). Bands between 300 and 2,000 base pairs were scored. Occasionally, some primers did not generate amplification fragments in the higher molecular weight range with some samples. In those cases, all samples were scored relative to the range of the most limited sample. Genetic diversity, h, for each band position (character) was determined as h = I -(x2 + y2 + z2), where x, y, and . z equal the frequency of absent (OS), weak (Is), or strong (2s) bands, respectively, and the average genetic diversity of all bands = H (see Nei 1987, p. 177) .
Data were analyzed with the PAUP 3.1 software (Swofford 1991) from the data set of multistate characters, where character states are related to each other through a linear series of unpolarized, unweighted steps (state 0 <> state 10 state 2). Parsimony trees were derived by heuristic methods (Swofford 1991) . The data were analyzed phenetically with SPlus (STATSCI, Seattle, WA). The distance between 2 populations (d$ was determined as the mean of the sum of absolute differences given by where Cy is the number of characters that are scored in both populations, and x is the score 0, 1, . This nonparametric treatment of the data was used because minor changes in frequency are de-emphasized by grouping. As in the analysis of the RAPD data, we assumed that the 4-state characters were related to each other through a linear series of unpolarized, unweighted steps (state 10 state 2 <> state 3 <> state 4). Dendrograms were generated by PAUP software (Swofford 1991) .
Results
Comparison of Fingerprints from Individuals
and Bulked Samples. Fingerprints of individual insects and bulked insects from population OH were obtained under identical conditions with primer B8, and were scored for band frequencies, and the average genetic diversity (H) was determined from the polymorphisms generated by this primer ( Fig. 2; Table 2 ). The results were H = 0.265 for the individual samples and H = 0.142 for the bulked samples. The lower genetic diversity of the bulked samples for this primer quantitatively supports a visual impression that the bulking technique produces a simplified primer fingerprint, and supports the earlier report of Michelmore et al. (1991) that the bulking process eliminates low frequency characters in the population sample.
Variability Among Populations. Out of 24 primers screened, I9 replicated satisfactorily and were scored for II2 polymorphic bands (charac- ters) with 3 character states (absent, weak, or strong bands) ( Table 3 ). The average genetic diversity (H) of polymorphic characters in all populations was 0.38.
When tallied, the numbers of unique bands (not found in any other population) for each population were IL = 21, IN1 = 7, MI1 = 6, IN2 = 7, MI2 = 2, OH = 4, NY1 = 2, and NY2 = 1. Population IL is outstanding because it has many more unique characters than any other population. In contrast, there were 23 conserved bands (found in all populations) in the data set.
A mean distance matrix of all populations is shown in Table 4 . Because polymorphisms were scored as 0, 1, or 2, mean distances could range from 0 (complete identity) to 2 (complete dissimilarity). Population IL had the greatest mean distances from all other populations (range, 0.714-0.991) and an average of means of 0.886 (20.093). Excluding population IL, distances between all other populations ranged from 0.330 to 0.730, with an average of means of 0.594(?0.082) (Table 4) . When we constructed a dendrogram by the unweighted pair group method with arithmetic mean from the distance matrix, the resultant tree showed population IL as a clear outlier from a cluster con-. taining all other populations (Fig. 3A) . Dendrograms generated by maximum parsimony method depict possible evolutionary relatedness between the Great Lakes IT: piniperda populations. The analysis gave 3 minimum and near-minimum length trees (Fig. 4) . Tree A has 194 character changes and trees B and C have 193 character changes each. The branch lengths shown are proportional to the number of character changes from the node. In all trees, population IL is isolated from the common ancestral node of the other populations. Furthermore, the IL population shows significant character change from the more distant ancestral node that unifies all populations. One of the trees shows the same general relationships of populations as derived by the unweighted pairgroup method with arithmetic mean (compare Fig.  4A with Fig. 3A ). In the other 2 trees, the IN1 population (the nearest geographical neighbor to population IL) no longer is contained within the clade of the remaining populations (Fig. 4 B and 0.
Parsimony analysis of the isozyme data produced 3 minimum-length trees, all with population IL as an outlier and IN1 in a variable position between IL and other populations. Fig. 4D shows one of the minimum-length trees. Although the isozyme data represents a much more limited survey of polymorphic loci than the RAPD data, the position of population IL as an outlier is still supported.
we also produced a geographically based tree by the unweighted pair group method with arith- When the matrix coordinates of Table 4 were graphed, results showed a positive relationship between genetic and geographic distance (Fig. 5) These conserved genetic characters may prove useful as regional markers. Identifying the origin(s) of the North American founder populations will aid in understanding T piniperda biology and in targeting searches for natural enemies to be used in biological control efforts.
